. spectra of human a-calcitonin-gene-related peptide (haCGRP), analogues and fragments of CGRP and amylin were recorded in aqueous solution and in trifluoroethanol (TFE)/water mixtures. All peptides contained significant amounts of a-helix in aqueous solution, and this amount increased on adding TFE. The helical content was unaffected by pH and salt. However, amylin contained much less helix than CGRP and the c.d. spectrum was more temperature-sensitive. A band in the near-u.v. c.d. spectrum of CGRP (but not present in the spectrum of amylin) was attributed to the disulphide bond in CGRP. The intensity of this band was pH-dependent and titrated with a pKa of 6.5, suggesting the involvement of histidine ionization.
INTRODUCTION
Human calcitonin-gene-related peptide (hCGRP) is a 37-amino acid-residue peptide that occurs in two forms, a and /6, with the form differing from the a form at three positions (Steenberg et al., 1985) . The peptides have potent vasodilatory (Brain et al., 1985) , cardioexcitatory and plasma Ca2l effects .
In order to understand the way in which CGRP interacts with its receptor it is clearly important to have information on the secondary structure of the peptide. In the present work the structure of haCGRP and some of its analogues were studied by c.d. spectroscopy. We also studied CGRP-(8-37)-peptide, a Cterminal fragment that behaves as a competitive antagonist against the intact peptide (Chiba et al., 1989) . Amylin is a related 37-amino acid-residue peptide that shows 43 % sequence identity with haCGRP (Cooper & Greene, 1989) . It has been demonstrated that both peptides are potent inhibitors of glycogen synthesis in rat skeletal muscle in vitro (Leighton & Cooper, 1988) . It has also been suggested that in type 2 diabetes mellitus there may be sufficiently high concentrations of amylin to interact with the CGRP effector system (Leighton & Cooper, 1988 (Manning, 1989) were interpreted as showing the presence of 20 % helix in aqueous solution and up to 60 % helix in 1: 1 (v/v) TFE/water mixtures. In contrast, Breeze et al. (1991) concluded from n.m.r. spectroscopy that the peptide was unstructured in aqueous solution and formed only 27 % helix in 1:1 (v/v) TFE/water. The present paper also describes experiments that attempt to resolve these differences.
MATERIALS AND METHODS

Peptides
The sequences of the peptides used are shown in Fig. 1 (Manning, 1989) and amino acid analysis.
The content of secondary structure was obtained by using the CONTIN program of Provencher & Gl6ckner (1981) . spectra of haeCGRP in 20 mM-sodium phosphate at pH 9 (A) and pH 3.5 (B), in water at pH 7.0 (C) and in 50% TFE at pH 3.5 (D), pH 7.0 (E) and pH 3.4 (F) The pathlength was 1 mm, temperature was 20°C and the protein concentration was 0.2 mg/ml. but does contain some non-random structure, most probably ahelix. This interpretation was confirmed by analysis of the c.d.-spectra for secondary structure with the CONTIN program (Provencher & Glockner, 1981) . The helix content (about 20 %) at 20°C is independent of pH between pH 3.5 and pH 9.0 and buffer (20 mM-phosphate). This confirms the result obtained at pH 7.7 by Manning (1989) but is at variance with the n.m.r. data at pH 3.5 (Breeze et al., 1991) . The secondary structure was unaffected by pH, and the spectra were identical over the pH range 3.5-9.0 (Fig. 2 ) both in the presence and in the absence of salt (20 mM-sodium phosphate). Increasing the temperature from 18 to 50°C resulted in decreased helix content from 20 % helix at 18°C to 12-14% helix at 50°C (Table 1) . Amylin contained significantly less helix than haCGRP in aqueous solution, and the secondary structure was also affected more by temperature (Fig. 3) . The helix content of amylin at pH 7.0 decreased from 13 % at 25°C to about 3 % at 50°C (Table 1) . Increasing the TFE content in solution resulted in a dramatic increase in the helix content of haCGRP (Fig. 2) , as shown by the increase in-the intensity at 222 nm. The helix content increased from 20 % at 0 % TFE to 70 % at 50 % (v/v) TFE, independent of pH (over the range pH 3.5-7.0) or buffer (20 mM-sodium phosphate). Therefore the helix content in 50 % TFE determined by c.d. is greater than that determined by n.m.r. under all conditions studied. The presence of an isodichroic point at about 202 nm indicates that the TFE-induced transition is largely between two conformations, most probably a-helix and random coil.
Increasing TFE concentrations also resulted in an increase in the helix content in amylin, as shown in Fig. 3 , although the increase was much smaller than that observed with haCGRP: the helix content in amylin at pH 7.0 rose from 13 % at 0 % TFE to 20 % at 50 % TFE (Table 1) . However, in the presence of SDS (0.4 %, in 20 mM-sodium phosphate buffer, pH 7.0, at 25°C) a high helix content (approx 62 %) was observed for amylin, similar to that observed previously for hazCGRP (approx. 60 %) by Manning (1989) . Near-u.v. c.d . spectra solution and in 50 % TFE. The spectra show a broad absorbance centred around 280-290 nm, which we attribute to the disulphide bond between residues 2 and 7 (Strickland, 1984) as it was eliminated by adding dithiothreitol (25 mM) and was absent from the spectrum of the haCGRP-(8-37)-peptide fragment (Fig. 4) .
The data of Fig. 2 show that the secondary structure of CGRP is not affected by pH. In contrast, the spectra in Fig. 4 demonstrate that decreasing the pH from 7.76 to 3.15 results in a 3-fold increase in the dichroic absorption attributed to the disulphide bond. This suggests that the peptide is undergoing a pH-dependent change in tertiary structure. Fig. 5 shows a plot of AA280 against pH. These data yield an apparent PKa of 6.5 when analysed by Enzfitter software. This is consistent with the expected PKa of histidine atresidue 10 in haCGRP, which is close to the disulphide bond at residues 2 and 7. Similar results were obtained in the absence of TFE. In contrast with haCGRP, the disulphide bond in amylin does not exhibit c.d. in the near-u.v. region.
Effects of protein concentration A concentration-dependent decrease in the amount of a-helix was observed above about 10 1uM-haCGRP in aqueous solution;
the helix contents at 10 /tM and 1.7 mm were 19% and 8%
respectively. Aggregation in these samples was not detected by light-scattering in absorption spectra recorded from 400 nm.
However, such measurements would not have detected smallscale self-association such as that which occurs with calcitonin model peptides, in which a monomer/trimer equilibration occurs above 0.42,M (Moe & Kaiser, 1985) . These results may explain the discrepancy between the n.m.r. and c.d. data, as the n.m.r. experiments are carried out at high peptide concentrations (10-18 mM), when the peptide is less structured.
Conformation of analogues of haCGRP
The helix content of the analogues of haCGRP (Fig. 1 (Maggi et al., 1990) .
General discussion Human amylin and haCGRP have an overall sequence identity of about 40%. Structure prediction methods (Sawyer et al., 1988) indicate that the peptides are expected to exhibit similar structures; the strongest potential to form helix lies from residues 9 to 16 in amylin and from residues 8 to 16 in CGRP, although Lynch & Kaiser (1988) suggested that the potential to form a helix extends to residue 25 in CGRP. There is a similar propensity for fl-turn structure in the two peptides: residues 17-21 and 29-34 in haCGRP and residues 19-23 and 29-34 in amylin. However, there is a greater tendency for f-sheet structure in haCGRP (residues 4-11) than in amylin.
Nevertheless, the two peptides form very different structures both in aqueous solution and TFE/water mixtures. Amylin contains 20% helix in 50% TFE whereas CGRP contains 45-70% helix. The haCGRP contains 25% more helix than predicted, which was also observed in rat CGRP (Lynch & Kaiser, 1988) . The structure of amylin was also more sensitive to temperature than CGRP.
Amylin exhibited CGRP activity, but was found to be 100 times less potent than CGRP, and the durations of the effects of amylin were much shorter than those of haCGRP. Amylin was also inhibited by the CGRP antagonist CGRP-(8-37)-peptide. It is noteworthy that the biological properties of haCGRP-(1-15)-peptide of reduced potency and duration of effects compared with haCGRP (Maggi et al., 1990) are very similar to those of amylin and that the highest degrees of sequence identity (80 %) exist between these regions of amylin and CGRP. These results confirm the importance of the C-terminal region of CGRP and its ability to form a helix (as revealed by structure prediction methods and by the effect of TFE) in the binding to receptor.
